SSC09-I-3
Enabling International Collaboration on ORS
Dr. Robert Pugh
Think Strategically, LLC.
Bob.Pugh@Think-Strategically.com
Dr. Jeffry Welsh
Operationally Responsive Space Office
Jeffry.Welsh@kirtland.af.mil
Dr. James Lyke
Air Force Research Laboratory, Space Vehicles Directorate
James.Lyke@kirtland.af.mil
ABSTRACT
Even before the Operationally Responsive Space (ORS) Office was established, ORS pioneers in DoD expressed a
strong desire to collaborate with our allies to realize the ORS vision. Many US allies are already experts at
developing and exploiting small satellites and streamlining mission operations for civil and defense applications.
Moreover, many of the envisioned ORS missions will undoubtedly support joint allied tactical operations, so having
our partners become familiar with ORS concepts and technology now will only simplify future ORS planning and
operations. Recognizing the need to work within the framework of DoD Policy, a first step toward this international
collaboration was identified as the GIST program. The ORS/AFRL GIST, or Globalize and Internationalize
Standards and Technology, program will focus on developing and documenting the legal foundation and
establishing the international team to participate in developing ORS Standards. Subsequent steps will likely include,
for example, empowering teams of American and allied experts to collaborate on ORS RDT&E activities. In the
near term, though, GIST will establish a collaborative environment that will allow US and allied industry,
government, and academic organizations to partner in developing the standards and technologies that are key to
enabling the “R” in ORS.
The GIST approach establishes two complementary channels for collaboration. The first channel is based on a
series of bilateral and multilateral government-to-government memoranda and agreements that create the financial
and management infrastructure needed to direct and support the activities of the other entities (companies, consortia,
universities, etc) as well as involve government R&D organizations in standards development. The second channel
is based on establishing US agreements and similar instruments in allied countries, if required, to authorize the
“other entities” to exchange the technical information required to develop and document the ORS Standards.
the “Globalize and Internationalize ORS Standards and
Technology” (GIST) Program. The purpose of GIST is
to establish the processes and procedures required to
authorize Department of Defense (DoD) and nondefense entities (e.g., industry) to collaborate with our
allies in (i.e., Internationalize) developing and
codifying Space Plug-and-Play Avionics (SPA) and
other ORS standards and technology, to publish
publicly-releasable or “open” standards (Globalize),
and to establish a world-wide community to evaluate
and extend the concept of responsive space standards.

INTRODUCTION
The Small Satellite Community has been keenly
interested in the Operationally Responsive Space
Program since its inception in 2007. Prior to that, DoD
scientists and engineers had developed Responsive
Space operational and technical concepts, some
prototype devices, and some draft spacecraft standards,
all of which facilitated rapid satellite design, assembly,
and deployment. Those developments were presented
at this and other responsive satellite conferences. This
paper, however, will present the next step in developing
ORS standards and technology, collaborating with
international partners.

BACKGROUND
According to the DoD Plan for Operationally
Responsive Space (ORS),1 ORS “has been defined…as
assured space power focused on timely satisfaction of

After describing the ORS mission and why standards
are important to that mission, this paper will describe
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Standards have been developed.5 The purpose of SPA
and the SPA Standards is to use modular components
and standardized interfaces, protocols, etc., to reduce
the design and integration time and cost for ORS
spacecraft. Through the remainder of this document
when discussing tailored standards, the SPA Standards
will be used as examples.

Joint Force Commanders’ needs.” The ORS Office
Director has taken that statement as the ORS Mission.
To satisfy its mission requirements, the ORS program is
focused on developing and fielding approaches that
allow US forces to rapidly develop and deploy spacebased solutions to US defense needs. The ORS Office
employs three approaches, called Tiers, to respond to
needs that are assigned to the office.2 Tier-1 focuses on
using or adapting existing assets rather than developing
a materiel solution. Tier-2 rapidly integrates system
components that are on-the-shelf and available for rapid
launch (within ~6 days) while Tier-3 develops an
entirely new capability with 12 months. Tiers-2 and -3
include the requirement that payloads and busses can be
rapidly assembled from components that are stockpiled
or delivered just-in-time.
The ability to rapidly
assemble and test a satellite from components produced
by a number of different manufacturers is essential to
meet the ORS timeline. Similarly, to enable rapid
assembly of ORS satellites it is necessary to have
standardized functions, interfaces, and protocols for all
the components.

Taken together these two standards development
activities will prepare a comprehensive set of ORS
Standards that, when combined with the modular design
of the ORS bus and payload components, will enable
the extremely short ORS timelines for satellite design,
assembly, and checkout. The tailored standards will be
reviewed and revised to permit the public release of
those standards; however, there will probably always be
some ORS Standards that must include details that keep
them from being released publicly. Thus, the two sets
of standards are an expeditious way to get standards in
place, but will probably persist to meet a complex set of
mission needs.
Since before the ORS Office was established, thoughtleaders in Responsive Space believed that technical,
national security and foreign policy interest would best
be served by collaborating with key international
partners in developing at least some parts of the ORS
program. In particular, standards development has long
been seen as an important area for international
collaboration, even in the case of export-controlled
standards, wherever possible. One of the purposes of
the GIST program is to provide an approved
mechanism for US and foreign entities to collaborate in
developing ORS Standards.

ORS Standards
A modular approach and ORS Standards are widely
recognized to be integral parts of the Modular Open
System Architecture (MOSA) that is planned for ORS
Tier-2 and Tier-3 systems.2,3 MOSAs are seen as the
key to rapid innovation and responsiveness for ORS.3
Not surprisingly, the MOSA approach depends on
modular designs for satellite systems and subsystems,
and widely-supported standards.3
There are two categories of standards that will be used
in ORS systems: open and tailored†. The Open
Standards Team (OST) is a group of government,
contractor, and volunteer industry personnel that is
focused on developing a collection of completely
releasable (i.e., open) ORS Standards. There are a
multitude of reasons that open standards are seen as
important to ORS, not the least of which is that the
MOSA approach expects open standards whenever
possible.3

Benefits of International Collaboration
Many US allies have large arrays of resources they
have dedicated to small satellite technology,
acquisition, and operations. Those resources span
academic programs, world-class expertise, system and
support industries, facilities, and civil/defense
investments. The first major benefit of international
collaboration in ORS standards and technology is the
opportunity to jointly leverage our combined resources.

Several tailored standards have also been developed in
support of the ORS program. An NRL-led team
developed the Integrated System Engineering Team
(ISET) General Bus Standards.4 The so-called ISET
Standards
address
overall
bus
performance
characteristics and key interfaces. In addition, a total of
five Space Plug-and-Play Avionics (SPA) draft

The other major benefit stems from the recognition that
for nearly two decades, most US military engagements
have been coalition engagements. Therefore, future
applications of ORS systems are likely to include
support of coalition warfighters. By collaborating with
future coalition partners in developing ORS standards
and technology, we will introduce those partners to
ORS concepts and simplify adaptation and
interoperability in future operations.
This
collaboration, along with the on-going Tier-1 plans to
use existing allied commercial and government space

†

The term “tailored” is used here to distinguish between
ORS-specific standards and existing open standards that may
be adopted by ORS
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systems, will substantially simplify the use and expand
the utility of ORS systems in future conflicts.

However, the government organizations (e.g., US DoD
agencies or the UK MOD) will often establish contracts
within their countries to obtain technical and
managerial support to execute the agreement. In
general, though, those contractors interact with their
government sponsors, not independently with other
countries’ government or contractor personnel.

It is clear then that international collaboration (i) will
bring together the expertise, industries, and other
resources of the US and its allies to address the
challenge of establishing responsive small satellite
capabilities, AND (ii) will enhance the benefits of ORS
to coalition warfighters in future conflicts.

The mechanisms that are used to authorize foreign and
domestic entities—industry, civil, and academic
organizations—to collaborate on “defense articles”‡ or
related “technical data”§ are Technology Assistance
Agreements (TAAs)** and Export Licenses†† from the
Department of State Directorate of Defense Trade
Controls (DDTC). The definition of a space defense
article, for example, is a satellite, or any “specifically
designed or modified systems or subsystems,
components, parts, accessories, attachments, and
associated equipment” for satellites.8 The DDTC
authorizations are required because the export of
defense articles and technical data are must be
performed in accordance with the International Traffic
in Arms Regulations (ITAR).

INTERNATIONAL COLLABORATION:
APPROACHES AND CHALLENGES
It is rare to find an approach that presents so many
benefits that does not also present a number of
challenges. The challenges in this case are generally
bureaucratic processes. In the government domain the
challenging processes are related to ensuring there are
International Agreements in place that authorize the
planned collaborations. In the commercial/industrial
domain, the challenging processes are related to export
controls.
Approaches
Since the 1950s, DoD Components have collaborated
with the defense components of allied and friendly
nations to exchange scientific and technical information
in areas of mutual interest.6 The DoD has longestablished International Armaments Cooperation and
Defense Security Cooperation7 programs as well as the
USD(AT&L) Office of International Cooperation, all of
which encourage cooperating/collaborating with allied
governments and industries.

For example, if a domestic and a foreign company wish
to discuss and/or jointly develop technical data, they
would establish a TAA that describes what technical
data is being discussed/developed, who will be
involved, and for what purpose the data is being
discussed/developed. TAAs are often used to authorize
US companies to discuss detailed technical information
about one of their products with potential foreign
customers, or to authorize a US subsidiary to work with
the foreign parent company (or vice-versa) to develop a
defense article. In many cases, the level of detail in the
technical data will rise to the level where an Export
License is required, in addition to the TAA. The Export
License is also used to authorize export or temporary
import of a defense article. An example of exports
would be the case where a US firm wanted to transfer
(i.e., sell) a defense article to a foreign firm or
government, or where a US firm wanted to send a
defense article to a foreign firm or its foreign subsidiary
for testing. A temporary import would be required for a
foreign firm to send an item to a US firm for testing, if
they wanted the part returned after testing.

The mechanisms for international collaboration are
used to authorize government-to-government or
business-to-business interaction.
One example of
government-to-government approaches is a popular
way to collaborate in research, technology
development, and acquisition. That approach is a
combination of an international Memorandum of
Understanding (MOU) and one or more Project
Arrangements (PAs).
The overarching document is the MOU. In general,
MOUs identify a broad area of cooperation/
collaboration of interest to the US and one or more
other countries. The MOU identifies the type and scope
of activities that will be undertaken. The PA is used to
identify a specific project that will be executed under
the authority of the MOU. Obviously, the PA is much
more focused with a more specific scope of activities.

Challenges
There are a number of challenges to establishing or
executing the international collaboration mechanisms

The MOU and PA establish government-to-government
agreements on collaborative activities and how those
activities will be performed. The specifics of how these
agreements are implemented differ from case to case.
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described above. One of the most driving concerns of
the ORS program is timeliness. The program needs to
get its processes established immediately, including
their plans to work with foreign technology and
component developers. It also needs extremely short
timelines for procuring and receiving components, etc.
It is no surprise, then, that the most significant
challenges to international collaboration, from the ORS
Office’s perspective, are related to timeliness.

counterparts in approved allied countries to develop
ORS standards and technology.
TAA for Standards
Working initially within the US we will identify the
required standards and prepare a draft outline or terms
of reference for each standard or set of standards.
Much of this has been completed for the SPA
Standards. These initial documents, when necessary,
will be identified as containing export-controlled
information and will be distributed according to AFI
61-20410 to “US Persons”† involved in the standards
development or related processes. The next step is to
develop the approved approach that will allow
international collaboration.

In the government-to-government case, one of the
biggest challenges is the length of time it takes to
negotiate the agreement, MOU, and/or PA. It can take
years to establish or modify an international agreement.
In the business-to-business case, one of the biggest
impediments is the fact that small businesses, the
backbone of ORS, are often unfamiliar with the DDTC
agreement and licensing processes. Beyond that, the
perception that establishing a TAA or an Export
License is a complicated and lengthy process is
discouraging to small and large businesses alike.
Finally, there is an implicit expectation in DDTC that
agreements and licenses are bilateral (one US company
with one foreign company); therefore, attempts to
establish broad multilateral TAAs are even more
complicated and lengthy.

Allies will be involved in the standards development
process by establishing a TAA that initially authorizes
the exchange of export-controlled technical data (i.e.,
the ORS Standards) between one US company, two
foreign companies, and ORS/AFRL. Each of the
corporate organizations described in the previous
sentence is called a licensee while the government
organizations are called advisors. In a TAA, each
licensee can have any number of sublicensees with
which the licensee can share the technical data, thereby
allowing the sublicensees to participate in the standards
development, too. The ORS Office chose this to be the
initial arrangement because it is reasonably fast to get
approved. If the initial set was ten licensees, for
example, the approval process would have been much
longer. A pictorial description of the initial TAA is
shown in the top half of Figure 1.

Another challenge is the fact that often government-togovernment agreements and business-to-business
agreements are executed independently—there is not a
great deal of coordination even when the objectives are
similar, especially when the defense article is less than
a major subassembly (e.g., satellite payload).
To mitigate the large number of significant challenges,
the ORS office established the GIST program.

The disadvantage to having a small number of licensees
is the resulting communication challenges. In a TAA,
the only authorized communication or information
transfer between teams (here a team is a licensee and its
sublicensees) is through the licensees. For example, for
one sublicensee (sublicensee-1 or s-1) to communicate
with sublicensee-2 (s-2), s-1 must pass the information
to its licensee who then transfers the information to s2’s licensee who transfers it to s-2.
These
communication restrictions are required by the
Department of State before they will approve the TAA.
Discussion between ORS, AFRL, and their support
contractors determined that the benefits of getting the
TAA in place quickly outweighed the challenges of the
complicated communication channels.

GIST APPROACH
Responsive Space program leaders realized early on
that there were great benefits to leveraging our
expertise with our allies’ interests and expertise in small
satellite technologies, systems, and standards. At the
same time, it is clear from Department of State (DoS)
and Department of Defense (DoD) policy and
regulatory documents that technologies that are
developed for defense applications are only exported
when that export supports national defense and foreign
relations objectives.9
The purpose of GIST is to develop and implement a
DoS and DoD approved approach for international
collaboration to develop SPA and other ORS standards
and, collaboration in ORS technology development
activities. This approach will allow US defense, civil,
and industry entities to collaborate with their
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Figure 1: Conceptual Diagrams of the Initial TAA and Rev 1
entire standards development process, including
identifying and drafting new standards as described in
the first paragraph of this section.

the initial ORS Standards TAA is approved and
operating, a revision will be initiated to create new
licensees, often by moving sublicensees up to the
licensee level, but also by adding new industry or civil
entities as licensees (the bottom half of Figure 4
provides an example). At the same time, new foreign
sublicensees can be added to the TAA. There will be a
continual process of TAA revisions to increase the
number of licensees to simplify the communication
processes and to add or change the participants as some
standards become mature or as new standards, such as
structures or thermal management standards, are
initiated.

The countries involved in the standards development
will use the standards in developing their own modular
small-satellite programs, thus multiple countries will be
using identical standards for small satellite components.
This approach increases the number of sources for
small satellite components and also increases the size of
the market that is accessible to component developers.
If a US company develops an ORS component, there
will be foreign markets for that component, too. The
company will need to obtain an Export License for the
component, but GIST will develop standardized,
streamlined approaches that will simplify and facilitate
that process in most cases (see the next subsection).

Streamline Licensing for Technology Collaboration
The TAA process described above predominately
addresses international development of ORS Standards.
International collaboration on technology development
activities will require a related but different approach.
For technology development, usually two to a few
companies will collaborate on each technology
development project. To the extent that hardware (test
articles, prototypes, etc.) will need to be exchanged
between collaborators, export licenses or temporary
import licenses will be required. Although no single
license will be able to authorize multiple technology

The disadvantage to having a small number of licensees
in the initial TAA is that it complicates the
communication between sublicensees for different
licensees. There is, however, a plan that will improve
those communication channels. Once the TAA is inplace (i.e., approved by the DoS Directorate of Defense
Trade Controls), it can be modified. While the
modified TAA is being prepared and approved, the
original TAA is in effect. Therefore, immediately after
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development activities, GIST will work with DDTC to
streamline the licensing processes for ORS projects.

that star tracker was complete, a US company could
temporarily import the device to verify that it was ready
to use in an ORS satellite. The star tracker would be
returned to the foreign manufacturer after the
verification was complete.
Finally, if an ORS
contractor wanted to acquire the star tracker, Treasury
Department procedures would be used to import the
defense article. The GIST program is focused on
expediting each of these agreements and licensing
procedures to meet the extremely short timelines
demanded by ORS.

It is widely known that DDTC Export License requests
can be expedited if related products have been licensed
or if other precedents have been established. DDTC
presentations at conferences and workshops have
encouraged companies that are preparing export-license
applications to identify applications that have been
approved for related products and identify the DDTC
Licensing Officer(s) that processed the application(s)
since that information will help expedite the current
application. GIST will work closely with the Missile
and Space Licensing Division within DDTC to describe
the DoD’s policy and plans relating to international
collaboration on ORS standards and technology
development. GIST will then work with DDTC to
establish a coordinated process for expediting licensing
applications that support ORS technology development
activities. This may, for example, require applications
to include an addendum that identifies DDTC Licensing
Officers that have worked other ORS-related requests,
that documents the need for such collaboration and
identifies related existing licenses to demonstrate the
need and the precedents. Presently, the average
processing time for an Export License request by
DDTC is less than 18 days.11
Establishing a
streamlined licensing process for ORS-related
technology development projects could reduce the
export license processing time to less than 10 days.

CONCLUSIONS
The ORS program is focused on developing and
fielding approaches that allow US forces to rapidly
adapt or develop and deploy solutions to US defense
needs.
Rapidly assembly of a satellite from
components produced by a variety of manufacturers,
both domestic and foreign, is essential to realize the
ORS vision. This rapid assembly requires standardized
functions, interfaces, and protocols for all ORS
components.
Since early in the AFRL Responsive Space Program,
the importance of international collaboration on
standards and technology has been understood. The
GIST program is developing and implementing DoS
and DoD approved approaches for international
collaboration to develop SPA and other ORS standards
and technology.

There
are
existing
government-to-government
processes that can encourage or support foreign
technology development programs. There are also
existing processes that can authorize the import of
foreign technology for use by the US government or
industry. Those processes will be described by the
GIST program to simplify their use in support of ORS
objectives.

To authorize the desired international collaboration, the
GIST program will establish a TAA that allows specific
US and foreign entities to collaborate on developing
and codifying the ORS Standards. GIST will then
develop streamlined procedures for obtaining
Department of State and Treasury Department licenses
to export, temporarily import, and permanently import
defense article and technical data.

BRIEF EXAMPLE
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